The total phospholipid content of Bacillus stearothermophilus was constant during exponential growth, increased during the transition from the exponential to stationary phase of growth, and then slowly increased during the stationary phase. The first increase was a result of an increase in phosphatidylethanolamine; the second was a result of an increase in cardiolipin. Cessation of aeration of an exponentially growing culture or suspension in a nongrowth medium resulted in an immediate reduction in the rate of total phospholipid and phosphatidylethanolamine synthesis and a quantitative conversion of phosphatidylglycerol to cardiolipin. Cardiolipin appeared to be synthesized by the direct conversion of two molecules of phosphatidylglycerol to cardiolipin. After a 20-mmn pulse of a2p, phosphatidylglycerol showed the most rapid loss Of 32P followed by cardiolipin, whereas phosphatidylethanolamine did not lose 32P. The loss Of 32P from the total lipid pool, phosphatidylglycerol, and cardiolipin was biphasic, with rapid loss during the first two bacterial doublings followed by a greatly reduced rate of loss. The major loss of 32P from the total phospholipid pool appeared to be by breakdown of cardiolipin. The loss Of 32P from the lipid pool was energy dependent (i.e., did not occur under anaerobic conditions or in the absence of an energy source) and was dependent on some factor other than the concentration of cardiolipin in the cells. The apparent conversion of phosphatidylglycerol to cardiolipin was independent of energy metabolism. Chloramphenicol reduced the rate of turnover of both phosphatidylglycerol and cardiolipin. The rate of lipid synthesis (all phospholipid components) was constant for about 10 min after the addition of chloramphenicol but diminished markedly after 20 min. Turnover of 32P incorporated into phospholipid during a 30-min period prior to the addition of chloramphenicol was more rapid after the removal of chloramphenicol than that of 32P incorporated during a 30-min period in the presence of chloramphenicol.
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Studies of membrane systems (especially mitochondria) of eukaryotic cells about 10 years ago suggested that membrane phospholipid might play more than a strictly structural role in membrane function (13, 30) . Attempts to define specific phospholipid functions in bacterial membranes include investigations of the influence of growth conditions, metabolic inhibitors, and membrane modification on phospholipid composition and patterns of metabolism. Although for the most part details of the nature of phospholipid involvement in membrane function remain obscure, it is apparent that conditions which modify the membrane or some aspect of membrane metabolism also influence phospholipid composition or metabolism (6, 13) . Likewise, conditions which influence phospholipid composition appear to influence membrane function (11, 16, 17, 45) . The complexity of phospholipid metabolism is evident from several studies, especially the elegant and comprehensive investigations by White and his co-workers of Staphylococcus aureus (12, 17, 29, 31, 32) and Haemophilus parainfluenzae (25, 26, 38, 40, 43) .
The major phospholipids of Bacillus stearothermophilus 2184 are phosphatidylglycerol (PG), phosphatidylethanolamine (PE), 1125 J. BACrERIOL. and cardiolipin (CL) (4) . In this paper we report the rapid conversion of PG to CL in cells under anaerobiosis or suspended in a nongrowth buffer medium. The conversion of PG to CL appears to be a nonenergy-requiring reaction involving the direct conversion of two molecules of PG to one of CL. Evidence is also provided which suggests that the loss of 32P from the lipid pool occurs primarily by the breakdown of CL and is dependent on some metabolic reaction and not upon the concentration of CL in the membrane. As has been reported for Escherichia coli (1), S. aureus (31, 32) , and H. parainfluenzae (26) For studying the turnover of lipid phosphorus, an exponentially growing culture at an optical density of 0.4 (at 600 nm) was routinely added to an equal volume of preheated (60 C) medium containing 0.25 mCi of H32P0, per 100 ml and incubated at 60 C for one bacterial doubling (usually 20-30 min). When cells were labeled for longer periods of time, the size of the inoculum was reduced so that the optical density of the medium containing 32P never exceeded 0.4 at the time the cells were harvested. After removal of the cells from the labeled medium by centrifugation, the culture was suspended to an optical density of 0.1 (or less) and incubation continued at 60 C. All samples were collected on an equal volume of crushed ice, centrifuged, and washed once with cold 0.15 M NaCl.
Anaerobic conditions were obtained by pouring the culture into Erlenmeyer flasks of just sufficient volume to hold the culture, stoppering the flask, and incubating in a 60-C water bath. At cell densities above 0.1 mg/ml (optical density of 0.2), this resulted in an almost immediate cessation of growth (see Fig.  3, 7) . The oxygen concentration measured 0.5 cm below the surface of the medium with an oxygen monitor (YSI model 53) fell from 85% (water at 60 C, 100%) to 0% in less than 1 min after cessation of aeration.
Lipid extraction. The lipids were extracted by the following modification of the Bligh and Dyer (3) procedure. The cells were suspended in 10 ml of aqueous 0.3% NaCl and added to 100 ml of methanol, and the suspension was refluxed over a boiling-water bath for 5 min. The suspension was then cooled and 50 ml of chloroform and 30 ml of 0.3% NaCl were added to give final concentrations of chloroform-methanolwater of 1:2:0.8. This single-phase suspension was stirred at room temperature for at least 2 h and was then filtered and collected in a separatory funnel. Chloroform and 0.3% NaCl were added to give final concentrations of chloroform-methanol-water of 2: 2: 1.8, and the two phases were allowed to separate. The lipid extracts were then taken to dryness, resuspended, and stored as described previously (4) . Refluxing the suspensions in methanol was necessary for quantitative extraction of the cardiolipin (Table 1) .
Deacylation. The phospholipids were deacylated by mild alkaline methanolysis at 0 C (42).
Chromatography. The glycerol phosphate esters obtained by deacylation were separated by chromatography in two dimensions on Whatman no. 1 paper previously washed with 2 N acetic acid. The chromatograms were run for 28 cm in the first dimension by using butanol-acetic acid-water (5:3:1, vol/vol) and for 14 cm in the second dimension by using phenol-0. 1 N ammonium hydroxide (100:38, wt/vol). The separated esters were located by autoradiography or with the molybdate spray as described previously (4) . A typical autoradiogram of phosphate esters obtained from cells grown in "P for nine bacterial doublings is shown in Fig. 1 .
The diacyl phospholipids were separated by ascending chromatography in two dimensions on silica gel-impregnated paper (Whatman SG-81) by using chloroform-methanol-diisobutylketone-acetic acidwater (23:10:45:25:4, vol/vol) in the first dimension and chloroform-methanol-diisobutylketone-pyridine-0.5 M ammonium chloride buffer, pH 10.4 (60:35:50:70:12, vol/vol) in the second dimension (43, 46) . The separated phospholipids were located by autoradiography with X-ray film (Kodak no-screen) or with the molybdate spray described by Vaskovsky and Kostetsky (41) . The separated phospholipids or glycerol phosphate esters were cut from the chromatogram (spot plus 0.5-cm border) and analyzed for radioactivity or phosphorus, or both.
Analytical procedures. Radioactivity was determined in a scintillation spectrometer (NuclearChicago Unilux III) by using a fluor consisting of Phospholipid composition during growth of B. stearothermophilus. During the exponential phase of growth, the concentration of total lipid phosphorus remained constant at about 50 umol per g (dry weight) of cells (Fig.  2b ). In the stationary phase (60-75 min in the experiment illustrated in Fig. 2) , there was an increase in the total phospholipid to about 65 ,umol of lipid phosphorus (Fig. 2b) . A second increase occurred in the stationary phase to about 70 to 75% ,umol of lipid phosphorus per g (dry weight). As can be seen in Fig. 2b , the first increase which occurred during the transition from exponential growth to the stationary phase was the result of an increase in the concentration of PE. It appeared that, as the growth rate decreased, the rate of PE synthesis continued at the exponential rate until growth had almost stopped (Fig. 2a) . The second increase in total phospholipid which occurred during the stationary phase was the result of an increase in CL. After the culture had entered the stationary phase (about 135 min in Fig. 2a ), the concentration of PG decreased, whereas PE remained constant. The slow decrease in PG and increase in CL continued for several hours (data not shown) if aeration was continued; however, if aeration was stopped there was a rapid decrease in PG and corresponding increase in CL (Fig. 3) .
Effect of anaerobiosis on phospholipid composition. At cell densities above 0.1 mg (dry weight) per ml (optical density of 0.2), cessation of aeration resulted in an abrupt decrease in the growth rate ( Fig. 3a) and a corresponding decrease in the rate of total phospholipid synthesis (data not shown, but see Fig. 7 ). When aeration was stopped, the relative concentration of PG decreased rapidly, with a corresponding increase in CL concentration (Fig. 3b) . There was no change in the relative concentration of PE. Resumption of aeration resulted in a resumption of growth at a rate comparable to that prior to the period of anaerobiosis. There was no appreciable lag in growth if the period of anaerobiosis did not exceed about 30 increase in total lipid phosphorus or PE under these conditions (Fig. 4) . On the other hand, the initial rates of decrease in the relative concentration of PG and corresponding increase in the relative concentration of CL were comparable to the rates observed in the growing culture when aeration was stopped. Since there was no increase in total lipid phosphorus and the PG and CL conversion took place in the absence of an energy source, it appeared that CL was synthesized by the direct conversion of two molecules of PG to one CL.
Turnover of 32P in phospholipids. The turnover pattern after a 20-min pulse of H 32PO0 is shown in Fig. 5 . This culture was diluted before and after the pulse of 32p, to maintain exponential growth. Under these conditions PG had the highest rate of loss of 32P during the first two bacterial doublings after removing the 32P. CL showed an initial increase in 32P and then lost 32p, whereas PE showed no turnover of 32P. The biphasic nature of the turnover patterns reported for other organisms (1, 32, 40) was apparent in the loss of 32P from PG and CL. The relative concentration and rates of synthesis of PE, PG, and CL remained constant throughout the time period shown in Fig. 5 , which suggested that there were two metabolic pools of PG and perhaps CL.
Turnover of lipid 32P in nongrowth medium. One possible explanation for the biphasic pattern of turnover would be that only a specific portion of the PG pool served as a precursor for CL synthesis, whereas the remainder was metabolically stable. If this were the situation, then we expected to see a difference in the rate of conversion of 32P of PG to CL in cells which were suspended in the nongrowth medium at different times after removing the H332PO0 from the growth medium. This was examined in the experiment illustrated in Fig. 6 . In this experiment, cells were grown in the presence of H832P04 (0.25 mCi per 100 ml) for nine generations, centrifuged, suspended in preheated medium, and incubation was continued. Samples were removed at 0, 30, and 60 min after the chase, centrifuged, and suspended in the nongrowth medium. The suspensions were then incubated at 60 C and samples were collected on ice for lipid analysis. After removal of the 32p, the rate of phospholipid synthesis remained constant in the growth medium (Fig. 6b) as did the relative concentrations of the individual phospholipids (Fig. 6d) . The biphasic turnover pattern for PG was apparent (Fig. 6c) The rate of loss of 32P from PG under the nongrowth conditions (Fig. 6e) was about the same as the rate of loss during exponential growth (Fig. 6c) . This suggested that the loss of 32P from the total phospholipid fraction occurred primarily by way of the breakdown of * cardiolipin. Under anaerobic conditions or in CL the nongrowth medium, this reaction(s) was blocked, leading to the accumulation of CL while the conversion of PG to CL proceeded at a constant rate independent of these conditions. This led us to question whether the rate of loss PE of 32P from the total lipid pool was dependent on the concentration of CL in the membrane. ,PO Turnover of 32P after a period of anaerobiosis. In the experiment illustrated in '1 M CaCl2, and 0.15 M NaCI. Lipids were showed the most rapid uptake Of 2p, followed d by chromatography on silicic acid-impreg-by PE and CL (Fig. 7c) . After the shift to )apers (Whatman SG-81) as described in anaerobiosis there was an abrupt cessation of Is and Methods.
uptake Of 32P in the total phospholipid fraction and in the PE fraction. PG lost 32P with no CL in the nongrowth medium were change in specific activity, and CL synthesis il for the 0-, 30-, and 60-min samples continued during the period of anaerobiosis. At owed the pattern shown in Fig. 6e for the the time the 32P was removed and aeration ion of 32P PG to 32P CL for the 0-time resumed, the cells contained 14.2 Mmol of PG At this time the specific activity of all and 19.7 zmol of CL phosphorus per g (dry olipids was the same (9.9 x 101 counts/ weight), compared to 27.0 and 10.3 j4mol of 32P per ,umol of P) and remained un-phosphorus per g (dry weight) of PG and CL, d throughout the incubation period in respectively, for a comparable experiment withgrowth medium. In contrast to what was out the period of anaerobiosis (Fig. 5) . It is d, rate of loss Of 32P from PG for the 0-, apparent from a comparison of Fig. 5b and 7b d 60-min samples was about the same that an increase in the relative concentration of , f, g). If the 32p were concentrated in a CL in the cells did not lead to an increase in the PG which did not serve as a precursor to rate of loss of 32P from the total phospholipid he 30-and 60-min samples, there should fraction. In fact, in the first 30-min period after een a marked increase in the specific the chase, the cells with high CL concentration of the PG during incubation in the lost 29.5% of the total lipid 32P (Fig. 7b ) whereas vth medium. No such increase was ob-cells with a low CL concentration (Fig. 5) lost The specific activity of PG in the 30- 44 .9% of the total lipid 32P. The increase in PG -min samples remained constant at 1.11 32P observed in the first few minutes after the nd 0.28 x 101 counts/min of 32P per Mmol chase (Fig. 7c) Fig. 1 . a, Cell density. b, Radioactivity of total lipid (0), PG (X), PE (0), and CL (A). the total lipid phosphorus) and no significant change in the specific activity of the PA fraction during the first 30 min after the chase in the experiment illustrated in Fig. 7 . If the CL breaks down to PG plus PA, the PA must be very rapidly metabolized. The increase in 32P in the PE fraction (Fig. 7c) (6, 34, 44) . Differences in metabolism of lipid-lipid and lipid-protein-associated phospholipid might account for the complex metabolic patterns observed.
We attempted to examine this possibility by studying metabolic patterns Of 32p incorporated into phospholipid prior to the addition of chloramphenicol and 32P incorporated in the presence of chloramphenicol. In the experiment shown in Fig. 8 , an exponentially growing culture was divided into two 400-ml portions. To one portion (Fig. 8a) , 0.5 mCi of H.32P0o was added and incubation was continued for 30 min. FIG. 6. Turnover of PG and CL phosphorus in exponentially growing cells suspended in nongrowth medium 0, 30, and 60 min after removal of 32P. A 500-ml culture was grown for nine generations in medium containing 0.5 mCi of H,32PO4. The S2p was removed, the cells were suspended in 1,500 ml of fresh preheated medium, and incubation was continued. At 0, 30, and 60 min after removal of the S2p, 500-mI samples were collected on ice, centrifuged, and the cells were suspended in the nongrowth medium described in Fig. 4 . Samples were collected and analyzed as in Fig. 1 . a, Cell density; b, increase in total lipid phosphorus; c, turnover of 2P of PE (0), CL (X), and PG (V) in the growing culture; d, relative concentration of PG (0), PE (0), and CL (X) in the growing culture; e, f, g, the conversion of 32P of PG to CL in the nongrowth cell suspension for cells removed from the growth medium 0, 30, and 60 min after removal of the 32P. The conversion of total PG to CL followed a pattern identical to Fig. 6e for the 30-and 60-min samples.
Both portions were then centrifuged and suspended in fresh medium containing 40 ,ug of chloramphenicol per ml. After 2 min, 0.5 mCi of H352P0o was then added to the second portion (Fig. 8c) and incubation was continued for 30 min. Both cultures were then centrifuged and resuspended in 1,200 ml of fresh medium. After the addition of chloramphenicol, there was a rapid reduction in growth rate (Fig. 8a and 8c) . Lipid synthesis continued for about 10 min after if the culture had been labeled prior to the addition of chloramphenicol (Fig. 8b) but at a rate slower than that of an untreated culture if the culture had been labeled in the presence of chloramphenicol (Fig. 8d) . Throughout the time periods involved, with both cultures, the relative concentrations of PG, PE, and CL remained constant. It appeared from the experiment illustrated in Fig. 8 that the 32P incorporated prior to the addition of chloramphenicol tumed over at a faster rate than 32P incorporated in the presence of chloramphenicol. Whether this difference was the result of the state of the lipid incorporated into the TOTAL membrane in the presence of chloramphenicol or some other factor such as the time at which the lipid was incorporated was not established. Turnover of lipid phosphorus after a short period of anaerobiosis. Experiment was the same as in Fig. 5 except that culture was held anaerobically for 20 min after 20 min of exponential growth in the medium containing 92p. a, Cell density; b, uptake and subsequent turnover of total phospholipid phosphorus; c, uptake and subsequent turnover of PE (V), PG (0), CL (X), and PA (0). PA values were multiplied by 10 for convenience in graphing.
the addition of chloramphenicol but decreased markedly after 20 min (Fig. 8d) . Loss of 32p from PG and CL occurred but at a reduced rate in the presence of chloramphenicol (Fig. 8b) . After removal of the chloramphenicol, the rate of turnover increased to a rate comparable to that of an untreated culture (compare to Fig. 5) The phospholipid composition of B. stearothermophilus is similar to that of other Bacillus species (2, 18, 21) except for a higher concentration of cardiolipin and an apparent lack of amino acid derivatives of PG (4). The rate of synthesis of PE was independent of the growth rate (increase in total cell dry weight) and of the rate of PG and CL synthesis as the cells shifted from the exponential to the stationary phase of growth (Fig. 2) . Synthesis of PE continued at the exponential rate until growth had almost stopped (Fig. 2a) , resulting in about a doubling of the PE concentration in the cells. Similar changes in PE concentrations during this transition period were reported for E. coli (8), but were not as pronounced as reported here for B. stearothermophilus. After the culture had entered the stationary phase, there was no further synthesis of PE, whereas the synthesis of CL continued. It appears that PE synthesis responds to a different regulatory mechanism than PG and CL synthesis. Ballesta and Schaechter (1) concluded from studies of lipid metabolism after shift-down or the addition of inhibitors to cultures of E. coli that PE metabolism was related to growth and cell division, whereas PG and CL metabolism were related to membrane metablism.
The decrease in PG and increase in CL concentrations in the stationary phase of growth (Fig. 2) follows the pattern observed in several other bacteria (5, 28, 29, 32) . This is not a universal phenomenom, since Morman and White (21) found that CL decreased and PG increased in the stationary phase in B. licheniformis. Transferring the culture of B. stearothermophilus to anaerobic conditions or to a nongrowth buffer medium resulted in an abrupt cessation of increase in total phospholipid, a rapid decrease in PG, and an increase in CL concentration (Fig. 3) . These observations and the results illustrated in Fig. 6 , where the rate of PG to CL conversion under nongrowth conditions was comparable to normal aerobic growth conditions, suggested that the rate of PG conversion to CL was relatively constant and that the ratio of the two lipids at any given point was dependent primarily on the rate of tumover of CL. Conditions which have been reported to effect alterations in PG and CL composition in other bacteria include infection by bacteriophage (23, 27) , treatment with inhibitors (1, 22, 26) and antibiotics (37) , anaerobiosis (1) , temperature shifts (8, 24) , exposure of sodium-sensitive mutant of E. coli to sodium (19) and starving fatty acid (14) or glycerol (29) auxotrophs for their respective requirements. The accumulation of CL in the membrane had a marked influence on the heat stability of whole cells (Mosley, Card, and Koostra; manuscript in preparation) and the osmotic stability of lysozyme-prepared protoplasts (Card, Mosley, and Koostra; manuscript in preparation) of B. stearothermophilus.
The synthesis of CL from two molecules of PG rather than by the reaction involving cytidine 5'-diphosphate (CDP)-diglyceride (36) was suggested from the results illustrated in Fig. 3, 4 (Fig. 3, 7) or suspension in a medium lacking a metabolizable energy source (Fig. 4) , PG was quantitatively converted to CL with no increase in total lipid phosphorus (Fig. 4, 7) and no uptake of 32p (Fig. 7) . Synthesis of CL from two molecules of PG has been demonstrated for S. aureus (33) , E. coli (15) , and M. lysodeiktikus (9) . The reaction has been best characterized by Short and White (33) by using a membrane fraction from S. aureus. Hostetler et al. (15) reexamined CL synthesis in membranes of E. coli and mitochondria and found that, in mitochondria, CL was synthesized primarily by the PG plus CDP-diglyceride pathway and, in E. coli, by coalescence of two molecules of PG with release of glycerol. They did report, howeve-r that at high concentrations of CDP-diglyceride, CL synthesis was stimulated in E. coli, suggesting that both mechanisms might be present. At the present time the synthesis of CL appears to be basically different in eukaryotic and prokaryotic cells.
After a short pulse of 32p, PG showed the highest rate of loss Of 32P followed by CL, whereas PE did not turn over in exponentially growing cells (Fig. 5) . If the concentration of CL was increased with a corresponding decrease in PG concentration by a period of anaerobiosis, CL showed the most rapid turnover (Fig. 7) . The loss Of 32P from the total lipid pool appeared to occur primarily by the reaction(s) involving CL breakdown, because the rate of loss Of 32P from PG in an exponentially growing culture was identical to the rate of loss for cells suspended in a nongrowth medium where there was no loss of 32P from the total lipid pool (Fig.  6) .
Two metabolic pools of PG were evident from the biphasic patterns of turnover (Fig. 5, 6 ). As was observed by Short and White (32) , this pattern of loss Of 32P was more pronounced at shorter labeling times. At least three factors might be responsible for these metabolic patterns: (i) a heterogenous membrane system where lipids in different portions of the membrane are metabolized at different rates; (ii) a difference in the rates of metabolism of lipid associated with protein or specific membrane protein and lipid in the bulk lipid phase; and (iii) cyclic interconversion of PG and CL and asymmetric metabolism of CL.
The membranes of several bacteria have been separated into fractions with different lipid compositions (7, 38, 39) . If newly synthesized PG were incorporated into different portions of a heterogenous membrane system, then one portion might contain the enzymes responsible for turnover (presumably CL-synthetase), whereas in another portion the PG may be metabolically stable or show a low rate of turnover. Depending on the size of the membrane fractions involved and the amount of PG incorporated into each fraction during the labeling period, different patterns of turnover would be expected. This possibility does not seem likely, considering the observation that cells which were transferred to the nongrowth medium showed about the same rate of 32P-PG to 32P-CL conversion (70% per 30 min) regardless of whether they were transferred during the period of rapid loss Of 32P from PG (Fig. 6e) or during the phase of slow loss Of 32P from PG ( Fig. 6 f, g ).
The second possibility is suggested by the conclusion of Wilson and Fox (44) , based on studies of ,B-galactoside transport in fatty acid auxotrophs of E. coli, that newly synthesized protein was incorporated into the membrane with newly synthesized lipid. If a portion of the PG were associated with protein and had a higher (or lower) rate of metabolism than the bulk of the PG in the lipid phase, one might see biphasic patterns. Although it was observed that the loss Of 32P from the total lipid pool was slower for lipid synthesized in the presence of chloramphenicol than for lipid synthesized prior to the addition of chloramphenicol (Fig.  8b, d ), the significance of this observation is questionable. We have no information on either lipid-lipid or lipid-protein associations in B. stearothermophilus. The continued synthesis of phospholipid for some time after the addition of chloramphenicol has been reported by other workers (1, 20, 35) . In contrast to growth inhibition by interference with energy metabolism (Fig. 3) , inhibition with chloramphenicol did not result in any change in the relative concentrations of the different lipids, although it did reduce the rates of metabolism of each lipid (Fig. 8) .
Based on the studies of White and his coworkers (26, 31, 32, 40) , the third and the most likely possibility is that PG and CL are interconverted in a cyclic manner (PG -CL -PG + PA) where the two molecules of PG which form CL come from different pools and phosphorus is lost from CL breakdown in an asymmetric manner (i.e., primarily from either the PG or PA end of the CL molecule). In their comprehensive studies, White and his co-workers established that CL and PG are interconverted in a cyclic manner involving the conversion of two PG to CL (with release of glycerol; reference 33) and the breakdown of CL to PG and PA (25) . They further established that only a portion of the total pool of each of the phospholipids is involved in these interconversions (26, 32, 40) . Either the conversion of PG to CL or the breakdown of CL to PG and PA could be specifically: inhibited, leading to the accumulation of PG or CL in the membrane (26) . The asymmetric hydrolysis of CL was demonstrated both in vivo (26, 36, 43) and in vitro (25) . Furthermore, the asymmetric synthesis of CL from different pools of PG was demonstrated (32, 40) . We have not yet characterized the products of CL breakdown in B. stearothermophilus, but, in view of the increase in 82P in the PG fraction after resumption of aeration after a period of anaerobiosis (during which CL accumulated; see Fig. 7 ), it seems reasonable to expect a similar conversion to PG and PA. However, judging from the rate of PG turnover in the nongrowth medium compared to the exponentially growing culture (Fig. 6 ), PG arising from CL must be a small portion of the total PG pool. If PA is a product of CL breakdown then it must be very rapidly metabolized, without mixing with the pool of PA, because there was no increase in the total amount of PA, no turnover of PA, and no uptake of 8"P in the PA pool after the resumption of aeration of cells with high CL concentration (Fig. 7) . The PA pool remained constant at about 0.6 to 0.8% of the total lipid phosphorus under all conditions reported here (data not shown).
Anaerobiosis had no effect on the rate of conversion of PG to CL (Fig. 3, 6, 7) but completely blocked the breakdown of CL, leading to an accumulation of CL. This suggests at least three possibilities regarding CL breakdown: (i) the reaction might be involved in some aspect of energy conversion; (ii) the breakdown might be linked to another reaction which requires energy; and (iii) less likely but just as interesting, the breakdown of CL itself might require energy. This last possibility seems especially intriguing because of lack of accumulation of PA during rapid CL metabolism (e.g., Fig. 7) . Whatever the reaction which leads to loss of "'P from the lipid pool, it was not dependent on the relative concentration of CL in the cells. A more comprehensive study of CL metabolism is in progress. LITERATURE CITED
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